events (e.g., stent thrombosis [ST] ) in patients with high platelet reactivity (HPR) [3] as defined according to various platelet function test (PFT) methods (e.g., P2Y 12 reaction units [PRUs] level ≤235). [4, 5] Therefore, updated guidelines from the American College of Cardiology Foundation (ACCF)/ American Heart Association (AHA)/Society for Cardiovascular Angiography and Interventions and European Society of Cardiology issued a class-IIb recommendation for PFT to facilitate the choice of P2Y 12 receptor blocker in select high-risk patients undergoing PCI. [6] [7] [8] In traditional Chinese medicine (TCM), HPR and ischemic events are classified as "collateral stagnation" and "blood stasis syndrome", respectively. They have been treated for decades with demonstrated efficacy with Tongxinluo capsules (TCs). [9, 10] Platelets are activated via multiple pathways, and the activation and aggregation of platelets does not influence ischemic events alone. Hence, a single-antiplatelet treatment strategy (e.g., high-dose clopidogrel) directed against a specific receptor cannot be expected to completely overcome HPR, or to reduce the risk of recurrent ischemic events. [11, 12] Therefore, triple antiplatelet therapy has gained popularity. [13] Here, we sought to evaluate the effects of triple antiplatelet therapy with TCs plus standard DAPT in ACS patients with HPR who underwent PCI.
Methods

Ethical approval of the study protocol
The study protocol was approved by the Ethics Committee of General Hospital of Shenyang Military Region (No. 2013015). The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. All participants provided written informed consent.
Design and population
The primary objective of the present study was to ascertain if TCs were superior to a placebo in ACS patients with HPR. This was a multicenter, randomized, double-blind, placebo-controlled study based on standard DAPT therapy. The target enrolment was 136 patients at three clinical research centers in China. The study population involved ACS patients with HPR who underwent PCI. ST-segment elevation myocardial infarction (STEMI) was defined according to guidelines set by the ACCF/AHA in 2009. [14] Non-STEMI and unstable angina pectoris were defined according to guidelines set by the ACCF/AHA in 2012. [15] The inclusion and exclusion criteria are listed in Table 1 .
Study protocol
In this double-blind trial, patients were evaluated based on self-reported history, physical examinations, laboratory screening, electrocardiography, and coronary computed tomography. Samples of venous blood were obtained 24 h after administration of a loading dose of aspirin (300 mg) and clopidogrel (300 mg or 600 mg). A PFT was undertaken within 2 h after the blood sample had been taken. Eligible patients were assigned randomly to two groups that received TCs or a placebo for 1 year (in a 1:1 ratio; the two types of treatments were provided as capsules that were identical in size, color, and shape) in addition to their standard treatment for ACS by the attending physicians. The study medication was labeled with sequential randomization numbers. Each patient was assigned the lowest number available at each site at the visit for which randomization was carried out. The dose used in the present study was 3 TCs or 3 placebo capsules three times daily. Patients attended follow-up appointments at 30 days of treatment. At this visit, blood samples were collected to test platelet function as well as levels of markers of coagulation and inflammation: plasma fibrinogen (FIB), thrombin time (TT), prothrombin time (PT), and high-sensitivity C-reactive protein (hsCRP). In the follow-up telephone call at 180 and 360 days, patients were asked about the occurrence of any clinical event or adverse event (AE).
Laboratory tests
Routine laboratory tests (complete blood count, serum ionized, cardiac enzyme, coagulation, and inflammatory markers) were undertaken in the local laboratories of the participating institutions. PRUs, light transmittance aggregometry (LTA), vasodilator-stimulated phosphoprotein phosphorylation-platelet reactivity index (VASP-PRI), and the cytochrome P450 (CYP) 2C19 genotype were measured in the core laboratory.
PRU was tested by the VerifyNow P2Y 12 assay (Accumetrics, San Diego, CA, USA). LTA was analyzed by optical turbidimetric aggregometry using a four-channel platelet aggregation chromogenic kinetic system (Helena Laboratories, Beaumont City, TX, USA). VASP-PRI was analyzed by Platelet VASP kits (Diagnostica Stago, Asnières, France). DNA was extracted from the peripheral blood of enrolled patients using TIANamp Blood DNA kits (Tiangen Biotech, Beijing, China). All 19 selected single-nucleotide polymorphisms were genotyped using standard polymerase chain reaction methods. DNA sequencing was done on an ABI Prism 3730 genetic analyzer (Applied Biosystems, Foster City, CA, USA) using an ABI dye terminator cycle sequencing kit (Applied Biosystems).
End points
The primary end point was HPR prevalence at 30 days. The secondary laboratory end point was the mean change in levels of FIB, TT, PT, and hsCRP between baseline and 30-day follow-up. The composite clinical ischemic end points were all-cause death, MI, revascularization of the target vessel, ST (classified according to the Academic Research Consortium criteria), and stroke. [16] All AEs were adjudicated by a committee looking at clinical end points and who were blinded to the study protocol.
Calculation of sample size
The sample size was calculated based on the expected proportion of patients demonstrating a reduction in PRU to ≤235. According to previous clinical results, we assumed the proportion of patients demonstrating a reduction in PRU to ≤235 in the placebo group would be 45%, 17% lower than that in the TCs group. Therefore, given a prevalence of a Type-I error of alpha = 0.05 and a power of 80% (prevalence of a Type-II error of beta = 0.2), the sample size for one arm needed to be 56, resulting in n = 2 × 56 = 112 patients. Considering a dropout prevalence about 20% for randomized patients, 136 patients (68 per treatment group) needed to be randomized to achieve the required number of patients for efficacy analyses. Under this assumption, we recruited 136 patients to the study, who were subsequently allocated, at a 1:1 ratio, to the TC group or placebo group.
Statistical analyses
All statistical analyses were undertaken with SPSS version 20.0 (IBM, Armonk, NY, USA). Data from all patients who underwent randomization were evaluated according to the "full analysis set" principle. Continuous variables were presented as the mean ± standard deviation (SD). Nonnormally distributed data were presented as n (%) or median (interquartile range). The comparability of the characteristics between the two study groups was assessed using a two-sample Student's t-test for continuous variables and the Chi-square test or Wilcoxon test, if appropriate, for categorical variables. The Wilcoxon paired signed-rank test was used for within-group comparisons. Survival curves were constructed with Kaplan-Meier estimates and compared by log-rank tests. A value of P < 0.05 was considered statistically significant, and all tests were two tailed.
Results
Baseline characteristics
A total of 136 patients underwent randomization at three sites in China, the flow diagram of patients through the study is presented in Figure 1 . The baseline characteristics of the study groups are shown in Table 2 . The mean age of the total population was 58.4 years, and 63.0% were male. The demographic and clinical characteristics in the TC and placebo groups were well balanced and homogeneous.
Changes in the primary end point
A favorable effect of TCs was observed on the PFT [ Table 3 ]. After 30 days of treatment, both groups showed a significant reduction in PRU and LTA levels from baseline, but treatment with TCs led to a significantly greater mean percentage reduction than that elicited by the placebo (15.8% vs. 24.8%, P = 0.013). In addition, 33.3% of patients in the TC group continued to have HPR, compared with 54.2% of patients in the placebo group ( χ 2 = 5.284, P = 0.022). The LTA assay yielded similar results to that of the VerifyNow assay (17.9% vs. 28.8%, P = 0.007). With regard to the VASP-PRI, the difference between the TC (7.1%) and placebo (11.3%) groups did not reach significance (P = 0.337). 
Change in secondary laboratory end points
Measurement of levels of FIB, TT, PT, and hsCRP was done at baseline and at 30 days. HsCRP levels did not differ significantly between the two groups at baseline [ Table 4 ]. Greater improvement was observed after treatment with TCs (t = 1.999, P = 0.048) but not with placebo (t = 0.932, P = 0.353), accompanying DAPT at the 30-day visit. In addition, TC treatment led to a significantly greater mean percentage reduction of the hsCRP level than did the placebo (8.7% vs. 15.0%, P = 0.037). No significant differences from baseline to the 30-day visit were observed for levels of FIB (1.0% vs. 4.6%, P = 0.395), TT (3.2% vs. 1.8%, P = 0.954), or PT (0.8% vs. 1.1%, P = 0.967).
Loss of function alleles of cytochrome P450 2C19
The genotype was tested at baseline. The proportion of patients carrying none, one, or two loss of function (LOF) alleles of CYP2C19 was 31.9%, 49.6%, and 17.6%, respectively [ Table 5 ]. After 30 days of treatment, patients with or without LOF alleles showed a significant reduction in PRU in both groups. However, only patients with one LOF allele in the TC group showed a lower prevalence of HPR (31.0% vs. 56.7%, χ 2 = −2.931, P = 0.047) than those in the placebo group. Figure 2 presents the prevalence of ischemic event composites at 1 year for both groups. Overall, 3.3% and 11.9% of patients in the TC and placebo groups experienced ischemic events, respectively (χ 2 = 1.997, P = 0.158). Figure 2 reveals that the TC group showed higher ischemic-and ST-free survival than that of the placebo group. However, no significant difference was observed between these two groups.
Clinical outcomes
Adverse events
Sixty-six patients in each group were included in the safety set analyses [ Table 6 ]. The total number of AEs was 12 in the TC group versus 18 in the placebo group ( χ 2 = −1.553, P = 0.213). With regard to serious AEs, the total number was 3 in the TC group versus 8 in the placebo group ( χ 2 = 1.587, P = 0.208). Some patients reported more than one AE. There was no report of any serious AEs related to the study drugs. An analysis of drug-induced AEs and withdrawal revealed no significant differences between the two groups. 
dIscussIon
In this randomized trial of ACS patients with HPR who underwent PCI, addition of TCs to standard DAPT with aspirin and clopidogrel was associated with favorable effects on platelet function relative to placebo addition.
In the present study, the VerifyNow assay was used to test platelet function, and HPR was defined as PRU ≥235, which is consistent with the GRAUITAS and ARCTIC studies [11, 12] and the consensus definition of HPR based on various PFT methods. [4, 5] It has been demonstrated that HPR during clopidogrel treatment is a strong and independent risk factor for post-PCI ischemic events. [17] Studies have indicated that clopidogrel resistance plays an important part in HPR and that a substantial percentage of patients (>35%) exhibit negligible or no antiplatelet response to clopidogrel. [4, 5] Multiple lines of evidence strongly suggest that variable and insufficient active generation of metabolites are the primary reasons for the variability in response and nonresponsiveness of clopidogrel. [4, [18] [19] [20] [21] [22] [23] [24] [25] [26] Given the multiplicity of factors that affect platelet reactivity to adenosine diphosphate, a single-antiplatelet treatment strategy directed against a specific receptor cannot be expected to overcome HPR or to reduce the risk of ischemic events.
Two antiplatelet drugs that were introduced recently, ticagrelor and prasugrel, offer advantages over clopidogrel. Both show a stronger antiplatelet effect with much less interpatient variation, as well as a faster onset of action and reduction in ischemic events, as shown in the PLATO and TRITON-TIMI 38 studies. [1, 27] However, they also have drawbacks compared with clopidogrel. First, they have been associated with an increase in the prevalence of noncoronary artery bypass graft-related major bleeding, which is known to correlate with increased mortality. [28, 29] Second, uncertainty about dose adjustments for low body weight and older age in patients using prasugrel, the mandated twice-daily dosing of ticagrelor, and the frequently observed side effect of dyspnea in patients using ticagrelor limit the general use of these newer drugs. [30] Third, in many countries, social health insurance does not cover the cost of newer P2Y 12 receptor blockers such as ticagrel, which results in a major increase in drug costs compared with the generic clopidogrel.
The advantages and disadvantages of newer antiplatelet medications discussed above justify the search for a multiple-target drug for HPR treatment. TCM provides one such alternative in the form of TCs. TCM theory holds that HPR is caused by stagnation of collateral qi. After oral administration of clopidogrel, active metabolites fail to selectively and irreversibly combine with adenosine diphosphate receptors on the surface of platelet membranes. Hence, P-selectin expression decreases, which cannot inhibit activation of platelets, and causes stasis of channels, thrombosis, and vascular stenosis. This phenomenon can be analogized to a traffic-signal fault that induces a traffic jam. Stagnation of collateral qi is like a traffic-signal fault, and stasis of channels can cause a traffic jam at a crossroad.
Ginseng in the formulation of TCs can enrich heart qi, and abundant blood qi can promote the blood circulation, and channels become clear; this phenomenon can be analogized to a commander solving a traffic jam and who has a coordinating role. Sandalwood, rosewood, and frankincense can smooth collateral qi; this phenomenon can be analogized to stopping the traffic jam by solving the traffic-signal fault. Leeches and eupolyphaga can remove vascular stasis; this phenomenon can be analogized to immediate dispersion of the traffic jam caused by a traffic-signal fault, leading to traffic proceeding normally.
A recent study demonstrated TCs to be associated with a reduction in levels of hsCRP and low-density lipoprotein cholesterol, with similar protective effects to that of simvastatin in terms of lowering lipid levels, inhibiting inflammation, and anti-oxidation effects.
[31] The effect on reduction in the hsCRP level was also found in the present study [ Table 4 ]. Studies have demonstrated that patients with lower serum levels of hsCRP have better clinical outcomes than those with higher levels of hsCRP. [32] [33] [34] Based on the aforementioned effects and the results of the present study, TCs show promise as an antiplatelet drug that can be used routinely with standard DAPT for ACS patients with HPR.
Genetic variations, such as the CYP2C19 *2 and *3 LOF alleles, account (at least in part) for the variation in response to clopidogrel. Patients who carry a LOF allele of CYP2C19 have a higher thrombotic risk after PCI compared with noncarriers. [35] [36] [37] [38] The utility of genetic tests to identify differences in CYP2C19 function has been highlighted by the "boxed warning" issued by the US Food and Drug Administration advising health-care professionals to consider the use of other antiplatelet medications or alternative dosing strategies for clopidogrel in these patients. [39] In the present study, TCs were found to reduce PRU regardless of genotype. In addition, patients with one LOF allele in the TC group had significantly greater mean percentage reduction and lower prevalence of HPR than those in the placebo group after 30 days of treatment.
The effects of a drug are meaningful only if they are associated with better clinical outcomes. Although differences in clinical end points between the TC and placebo groups did not reach significance in the present study, the composite prevalence of ischemic events and ischemic event-and ST-free survival was numerically better in the TC group.
The present study was a pilot study and not designed to show differences in clinical end points, so an appropriately powered study is needed. Despite the high hopes for use of the results of PFT and CYP2C19 genotype testing for prognostication, recent prospective, randomized trials have failed to demonstrate that personalized antiplatelet therapy based on platelet function is effective in reducing the prevalence of ischemic events. [9, 10, 40] Since all PFTs were free for the enrolled patients, only thirty patients in each group underwent VASP-PRI assay due to shortage of research funding and it might lead to no significant difference between the two groups in PRI levels. In summary, combination therapy of standard DAPT with aspirin and clopidogrel plus TCs seems to be a promising choice for ACS patients undergoing PCI.
